INTRODUCTION
Photochemistry of mono-and dibutadienyl derivatives 1a-2d ( Figure 1 ) has been studied in detail. 1−3 Unsubstituted starting compounds 1a and 2a, upon irradiation at 350 nm, give as the main products of intramolecular cycloaddition benzobicyclo[3.2.1]octadiene structures endo-3 and endo,trans-4, respectively. 1, 2 The bicyclo[3.2.1]octane skeleton, saturated analogue of the bicyclo[3.2.1]octadiene, is found in numerous biologically important active natural products. 4−20 Moreover, benzobicyclo[3.2.1]octadiene skeleton is also an important fragment in biologically active compounds or it can be used as a suitable substrate for further transformations on the isolated double bond, easily derivatized to new compounds with various functionalities. 21−27 As a part of our increasing interest in the photochemistry of conjugated butadiene systems and to explore the effect of substituents on the butadiene units on the photochemical reactions, studies are expanded to methyl-and chloro-butadiene derivatives 1b−d and 2b−d. 2, 3 Methyl group effects sterically to photochemical reactions, causing diverse photoinduced behaviour and formation of completely different photoproducts. 2 Monosubstituted methyl derivative 1b upon irradiation gives dihydronaphtalene derivative 5 (Figure 2 ), while disubstituted methyl derivative 2b shows only geometric isomerization. Introduction of the chlorine atom to butadiene unit can lead the reaction course to various direction, under its steric and electronic effects. Upon irradiation, mono-and di-α-chloro derivatives 1c and 2c photocyclize to give six-membered ring products 6 and 7. 3 In continuation of our studies on photochemical behaviour of butadiene derivatives we extended research to p-substituted chloro derivatives 1d and 2d. 3 The psubstitution increases molecular planarity, relative to α-substitution and shift conformer equilibrium, affecting the reaction pathways and yields. As the main products upon irradiation of p-chloro-butadiene derivatives 1d and 2d new benzobicyclo[3.2.1]octa-diene structures endo-8 and endo,trans-9 are formed in very good yields, with smaller amounts (10 %) of dihydronaphtalene derivative endo-10 in case of 2d ( Figure 2 ).
Starting compounds 1a-2d ( Figure 1 ) possess very similar structures. Under steric and electronic effect of substituents, different products are formed. Therefore, understanding the influence and nature of substituents in the molecule is crucial for understanding the preffered reaction path and for prediction the behaviour of similar unresearched related compounds.
In the continuation of our research on photochemical behaviour of butadiene derivatives, we inserted one or two methoxy groups (as strong electron donating groups) to the p-position(s) of the aromatic ring(s) of the investigated compounds 11 and 12 ( Figure 3) . To explore the effect of methyl or phenyl group in the β-position of the o-vinyl group of 1a (Figure 1 ) on photochemical behaviour, butadiene derivatives 13 and 14 ( Figure 3 ) are prepared as related compounds to the molecule of 1a (Figure 1 ), also in course of the investigation the effect of substitution.
EXPERIMENTAL

General Experimental Information
The 1 H spectra were recorded on a spectrometer at 600 MHz. The 13 C NMR spectra were registered at 150 MHz, respectively. All NMR spectra were measured in CDCl 3 using tetramethylsilane as reference. The assignment of the signals is based on 2D-CH correlation and 2D-HH-COSY experiments. UV spectra were measured on a UV/VIS Cary 50 spectrophotometer. IR spectra were recorded on a FTIR-ATR (film). Irradiation experiments were preformed in a Quartz vessel in toluene solution in a photochemical reactor equipped with 3500 Å lamps. All irradiation experiments were carried out in deaerated solutions by bubbling a stream of argon prior to irradiation. Melting points were obtained using microscope equipped apparatus and are uncorrected. HRMS analysis were carried out on a mass spectrometer (MALDI TOF/TOF analyzer) equipped with Nd:YAG laser operating at 355 nm with firing rate 200 Hz in the positive (H+) or negative (H−) ion reflector mode. Silica gel (0.063−0.2 mm) was used for chromatographic purifications. Thin-layer chromatography (TLC) was performed silica gel 60 F 254 plates. Solvents were purified by distillation.
Benzaldehyde and p-methoxy-cinnamaldehyde were obtained from a commercial source, β,β-oxylyl(ditriphenylphosphonium) dibromide was prepared from o-xylyldibromide and triphenylphosphine in dimethylformamide.
The The data of the new compounds are given below. 
Irradiation Experiments
A mixture of isomers of 11-14 in toluene (3.0·10 −3 M) was purged with argon for 20 min and irradiated at 350 nm in a Rayonet reactor (16 lamps) in a quartz vessel for 16 h (11), 96 h (12), 4 h (13) and 8 h (14) . After irradiation the solvent was removed in vacuo and the oily residue chromatographed on a silica gel column using petroleum ether as the eluent. The photoproducts endo-15, endo-16 (obtained from 11), 17, 18 (from 12), endo,endo-19 (from 13) and endo,endo-20 (from 14) (Chart 1) were isolated from the enriched first chromatographic fractions followed by a mixture of several unidentified products (< 2 %). High-molecular-weight products remained on the column. 
(11S)-11-(4-methoxyphenyl
(t). (11S)-11-(4-methoxyphenyl)-12-[(E)-2-(4-methoxyphe-
RESULTS AND DISCUSSION
Starting compounds 11-14 are prepared by Wittig reaction according to the procedure described for butadienes in previous papers 1−3 from o-xylylbis(triphenylphosphonium bromide) and corresponding aldehydes. The products are obtained as mixture of two (in case of 11), three (in case of 12) or four (in case of 13 and 14) isomers and subjected to irradiation. Irradiation experiments are performed in Rayonet reactor at 350 nm in toluene solutions under anaerobic conditions at low concentrations. Obtained photoproducts are isolated and completely characterized by spectroscopic methods.
Mono-and di-methoxy derivatives 11 and 12 undergo photochemical reaction to form new polycyclic structures 15−18 (Scheme 1). On irradiation of monomethoxy derivative 11, bicyclic derivative 15 was isolated as main product (55 %), with 13 % of tricyclic derivative 16, while the high-molecular-weight products remained on the column (Scheme 1). The proposed mechanism of the formation of benzobicyclo[3. Inserting a second styryl substituent at the β-position of the vinyl group of 1a (Figure 1) , we prepared dimethoxy derivative 12 and obtained the system with extended conjugation, which can influence on the reaction course. Irradiation of compound 12 under the same conditions gave, after chromatograpfic separation on silica gel, very similar results (Scheme 2). Benzobicyclo[3.2.1]octadiene 17 and tricyclic derivative 18 were isolated. Their formation can be explained by the same mechanism as in the previous case of monomethoxy derivative 11. The difference in photochemical behaviour between mono-and dimethoxy-derivative is the prolonged time of irradiation to the full conversion in case of 12. This may be caused by insertion of the second styryl group, which might have influence on the additional stability of the starting molecule 12 in comparison to 11.
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Irradiation of starting compounds 13 and 14 gave different results. Under irradiation starting compounds 13 and 14 react giving new bicyclic cycloaddition products, interesting for further functionalization as it was shown for previously synthesized hetero-bicyclic photoproducts. 21−23 After chromatographic purification of crude reaction mixture, only bicyclo derivatives 19 and 20 were isolated, respectively (Scheme 3.) The mecha- Methoxy group might have electronic and/or steric effects on the photochemical behaviour of the analyzed compound. But the results obtained under irradiation of mono-methoxy derivative 11 in comparison with previously reported unsubstituted 1a and chloro-derivative 1d are very similar. In all cases benzobicyclo[3.2.1]octadiene structures endo-3, endo-8 and endo-15 are isolated, respectively, as main product. Besides, methoxy derivative 11 gives tricyclic derivative endo-16. The yield on the isolated bicyclic derivative is the largest by use of the unsubstituted compound (90 %) where the steric and electronic effects are reduced. In case of chloro derivative the yield of the isolated product (77 %) is slightly higher compared to the methoxy compound endo-15 (55 %), having potentially increased steric and electronic influence relative to a chlorine atom. Electronic effects may have influence on the reaction course, as in the case of methoxy derivative the reaction was less selective giving two photoproducts, in contrary to the previously described derivatives, where only the bicyclo derivative is isolated. In case of dibutadiene derivatives, unsubstituted compound 2a under In cases of all bicyclic photoproducts the ring closure predominantly gives endo-isomers. The stereoselectivity of the cycloaddition reaction and preferable ring closure to endo-isomer can be ascribed to the stabilization of the transition state in endo-orientation by the strong attractive intramolecular π-π interactions of the benzo-phenyl. 30 16 and endo,trans-18 ) as minor products. Understanding the effects of substituents is very important in the field of preparative photochemistry and predicting the mechanism and yields. The slightly change on the structure of starting materials affected the selectivity, stereoselectivity and the reaction course leading to bicyclic photoproducts in moderate to good yields (24−77 %). All new prepared and fully characterized bicyclic molecules are suitable substrates for further efficient photocatalytic oxygenation reactions in course of getting new functionalized polycycles, potentially biologically more active compounds with greater similarity to the structure of some naturally occurred terpenes.
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